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1979 LINEAR ACTELZRATCR JCNFTRENCE

MECHANICAL DESIGN TONSIDERATIONS TN TMIT RFQ JEVELSPMENT®
C. W, Puller, S. W4. Williams,* and J., 4. Potzer
Los Alamos Sciantiflc Laboratocy
Los Alamos, ‘ew Maxico 375493

Summac’
———

The Mechanical Zsatures of zha 3everal :-?f
atructures =hat have been made, =0 test he
zheory of %He radio-frequency Juadrupols (RFQ),
are driefly described. A 425-MHz structure,
designed an a proof-of-principle [PO0P) tzst, ls
described {n detail. Methods of ~oupling rf
power into the Structure, temperiature <ontrol,
“uning, z2nd mode sepacation are discussed. Thae
mathods and setup 2f MN/7 machinery Jsed =o
jenerate :=he critizal jeometrv surrounding the
T aperture are Jetailaed fully,

finally, =he apolicabillsy of axparience
ind metiods jairned Irom the high-{requency
'425-MHz) AFQ Zevel:cpmen:t =0 the 30-MHZ 2coto~
=vpe and il:imate Tusion Materiall Irradiaticn
Tesr (™IT) machine are lentione.

Cold Test PP Struccuces

ecent axparitents wlth APQ 3tructuree by
the Accelierator Technology Jivision, Los Alamos
Scignelfis Laporarnary (TASL), have focused on
=he fsur-7ane jeomet:y. <2ne reascn for =his
jaleczion 2Sver oSther Jecme~cies lg the Zcur-
7ane’'s compacative =ase of manufacture, -on-
3idering "he close mechanical =slerances =hat
are requirad.

The firse four-vine cavity wvas 1 length of
aluminum pipe L2~in. 4iam by 49-1a. long. “anas
ware atsached inside at )07 intervals. Their
denetraticn into "he zavity could be varled
19ing spacars, and sjaveral Ziffgrant pole tins Fig. 1. Pour-vane structire.
<+are machined and sttached (Tig. 1l).

This cavity was iseful (n Jderarmining
which nodes tould =4 axcltied, how “hevy oSver-
Lapped, and :n suggesting mathods 3¢ tuning the
zavity and 3eparaciag and suporessing unwanced
nodes. The hardware wvas 3oon sutgrown and 1
Saxzcer cold nodel, 2dade =2 <loser Techanical
=“alerances, was neaded.

Tor lowe-sower -asting a1 four-2ipe, 2¢
zloverleaf, todel 'Tig. 2) was Zesigned around
4=in,.=n.d. stock aluminum rublng and otier
readily availanle macerialia., ?Problems -aused %y
<ide manufacturing "olarances for 3uch :=ubing
{roundness, stralghtness, atc.) were avolded oy
machining refacence surlfaces along the length
and 1= “he ende of he tubes. The snd platas
were designed and machined %0 reglater -he -ubes
and other Jar=a acsurately during =m.ding =f <he

*Work perfocmed inder “he juspices 2f =he T. 3. ?ig. 2. Pour-pipe at:-ycturs.
Decar=nent >f Znergy.

“Jeatinghouse/Janfsocd Zngineering Javalopment

Laboratory amplovee wor<ing ac =he Los Alamos

3ciantiflc Zaboratory.
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Fig. 1. Tour-pipae zavity with vanas !natailsd,

aasembly. Iassrmittent “elds vers uzed 2long
“+e langth %o minimize Zlstortisn. A <center
20le was then bored thrugh =he axis of tha
caviey, faeming szraight, parallel. accurately
nacnined surfaces »n which %o mounc the alec-
“rodes. The ccncept of the center dore <o farm
3 nmachined 3eat for the vane =ipa zontlaues =0
Se important to qur -designs of future XY
structures.

A set of Iour, comstant 3), modulated
7anes a3 nade for =his cavity /Flgs, 2 and N
33ing a numerically controlled :hres-axis
2illing machina. The =ast results were ecy
sncouraging and are eportsd by Potter and
Williame,

In shesm cold tsst zodels, coollng anmd
racuum vera not factors Decause “he experiments
ware 1t imnoschers and it low rf power. Fur-
ther, at Low power, :he juallty of rf surfaces
and he Zontict etween JAr%s Ware 20t 2riti-
=2l. ‘low, Sowever, we Ace designing 3 P test
shrucsure *hraugh <hizh A “eam ¢iil Se accel-
sratsd. Thigz (3 %he aext 3%=p L2 the Jevelop-
nent >f an J0-MAz RF; for che PMIT accelsratoc
's f3ll-g9cale prstotype will e Tonstructed  and
jastailed at LASL).

A 2rcof-af-Priaciole Tavity

Copper tubing, 5.125-in. o.d. by 8.192-in.
wall, was chosen as the main structural alement
far <he POP four-vane cavity (Pig. %), 3Jquars
ands 31te brazaed o the tube, 5han accurately
machined and facsd %o langth, The snda I3cm
three mutually Parpendicular »lanes: w0 are
parallel %o, and squidistane from, the cavity
~antsc Line. In this form, the pact is sasily
{ndexed ind clammed in ii9 boring and othar
machire 0ol3, “hera Zowal pia and screw holas
zan 4e accurately located and drilled.

The vana dasas ica nacained fiam solid
OFEC ~opper. Slots ars made ro racelve
3.2%=in,-a.d, cooper rafrigecarsr tublng &oc
cooling water., The Dases, including watar

T

?ig. 4, Conszant 2) modulated vanes.

tubeg, are locazed in “he cavicy With dowels and
1crews ind :he whola assambly (3 zhen Zirnace
Srazad,

Nex=, a 2.2%0«in.-~Alam centear Sols (-
yored thrsugh %he cavity om 3 herizoneal mill
(Fig. $). This Sore 3ecomes 1 Jatum syr’ace Zar
subsequent machining operations, Cowal 1vies
and acrew holes f:c the vane :lps are lig Sorsed
with their locations measuced slazive 2 the
squared ands,

Naxt, rf ~oupling slots sre machined !n
sach of che zavity's four shambers it 359 %o
«hg axis, Pinally, -he square ends ars dundaed
and "he entize sutside af rthe zavity cleaned o
*a 5.09%-in. diam.

The RPQ is 3uspanded inside snother —ylin-
drical ¢ cavity bv zeans ¢ =we ~opper laksg
(?ig. 3. <Contact finger3 connec: iie inners
surface 3¢ the cuter ca %tV *hrfugn the iiaks s
the Suter surface of the AQ, forming 3 coaxial
line verminaced at cach and by an slecerical
short clrzuit. The zyter cavisy, oc nanifoeld
=3nk, is connectad o racuum and zocllag ~ater
services,

?{g. 5. The Q 0P =2sac zavisy.
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Plg. 5. Zentar Lnore macaining,

THE ‘7 ® sowaz i3 fad throgah 2 Jave Tuide
=3 =he nan:f9ld tanx.  The nagnezic flalld
snuplas thr2ough the anglad 3l3ms 10 the PG 1lda
#a’ls =2 nagneti:c Zlald3 L-gide wna AF, dower
5 IS el di3-ribyted wo all fsur cnampars of
<he 3F0.1

Zagh 2nd 3¢ Sne zavicy s sl
1882mpD.l” :or%aLsing faur small =un
The 31138 vaTtv the c39acitance setwJeen “<e 7ane
2nds and =he tavicy and v aze :3sd =5 adluac

=he alachrizal flald flgnzibgtisn 1i3ng ke axls

JTane Tiz .7 Masnining

reparly ihaped vanes the Zlalds in
the R, are perturbed 9 droduce a1 lsngitudinal
component >f the 2lecrric fiaid, This longitu-
3inal componant “unches and accelacates the Leanm
in Srepacazicn for ius indect=ion inwo 1 drife-
=ube linac. The cocrectT 7ane 3jhape 13 necessisy
0 Sbtain =he 3rdcer Zlald !taeribyzion for
accelarating <he Seem wit: ninimum losles. The

29ur rares == >4 <ade or
Zacn diigram resresents U7

~21.3 .1 %ne vane Zesign, The fi-s3t czgment
sncwn ‘Tig. Ta; i3 e cadlal-manzh,
In This req:ian, e NDeam 3 axpcaei 5 jradua
increasing radisi-feeu3ing 2or=e9 Icrned =v
decreaging acartyre cadlir. Nea: ti:e sencer ¢
tne AP, =he vanes nave the appearance Sf wace
in Fig. Th. The modulan:ons are acous 133 oF
their flnal value. In t=hls regizn, the Heam 3
=urched and (s radially focuged wish lizsla
iongitudinal accalera=ion. Tipure "7 shows the
7ane neaAr -“he axis 2f the 2F), T™a mdulaziszn
reachag %3 Taxinum avplizide and nest of
~eam acec ritiza 2ecurs araund thiz axis fag
Tazrizacizn of =Ra rares inscracrizas an
¢-ITLL-2, =hroe-ax:3, "umac.:z

verc.zal il t3. 1., Mecm

7anes Teacuire 1NOrTXIDAT
Sioees 2z an adequacze Zeser
ird scfiwara exigs Ior canverting
SSR%TIL I/sStam w0 1se salzente Tagn
instead 3f sapar taze, This igheme
yoiume df the daza 3a% <G 2 faw ci133a
and simpl:fiss nandling.

A spnerizal =20l i3 :sad it whe
7anes. Tha path that the =20l Tar I3l w3 ls
in she xv c-lare 'T:3. 3 and . tongrral-aed
=9 ~onsist znly of stralghe o 1 and roulyr
1778, A3 2ach 7rosa sactiion is 2ut, “ae 2achlae
~aple moves n Iiacrament 1T alcong the rane's
longitudinal axis, The arocmss 13 1lcw
‘dz = 1,320 inches), noving 1-1 lnghes zers

Tour la the = 2 sie

Pig3. H. Calla

101-1l9, ?ig. Te. Zells 151-169,

?ig. 7. 3eqments 3¢ PP rranes.
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1! -he radius 2 =he =00l wera zara, -he

—20l 2ath woyld e (denzizal 0 =he =croas
3ec=ion of ne vane. Jowaver, with a finite
=201 radius, =he ~u=ting zath 2f the =ool is <ot

1lwvays .a zhe same 2lane that the =00l travela
‘Ti3. ). The daviatisn Zegsends on 20nh the
r radius and =ne 3ioce Of the vane. The
2r>gram that compurtas the Tachine iastructlons
Zomoensaras foc <niy error,

30—MHz 37Q

The 30-MHz W is still avolving. I has
nearlv douniad in length from 1.3 m a2 year ago
"0 5 M 0w, %9 <eep “ransversa ami:tance Irowti
snall. Sevecral versisns 3% zoupling ¢ oower
2-2m ancther zavity into “he WY ave seen

itudiad., A vmry oromising acheme 3 the
soncentris 2 %ar coaxial tank oJperating in the
TM mode, Maanec:.>s fisids 3 the coaxial tanx
crogg=~ouple =2 Zlaids (3 :the RF) zhrough sngled
3085, 2ag .n <he P test cavity.

At leasat c>ne mechanizal technique
lava_cped .n the 1igh-frsquency ATQ wore Jill e
iseful 1n =uilding an 3C-MHz sy3cem; =2ac 18,
it crecision machining o€ <he rane 2lsciroces.
It 13 axpected zhat tolarances in the critical
10ecrzura Jf the FQ ~LL1 scale with the
fraquercy: i.e,, laiger 3tructures should
accommodate M0ce jenezdus Machining tolerances,
Zomputer 3studles are Slanned =0 leternine the

2ffact of macnining :dierances on Seam ZJyramics.
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